Regulator Dampening Device and Method BACKGROUND TECHNICAL
FIELD [0002]Embodiments of the subject matter disclosed herein generally
relate to methods and devices and, more particularly, to mechanisms and
techniques for dampening a motion of a part of a regulator. DISCUSSION OF
THE BACKGRORBR IR@0 BAmousMpIeRieROfin scpalely
mechanism that is used at a wellhead of an oil or gas well. The BOP may be
used for offshore drilling and also for land-based drilling. The BOP is
configured to shut off the flow from the well when necessary. One such event

BACK@ROe)Np uncontrolled flow of gas, oil or other well fluids from an
underground formation into the well. Such event is sometimes referred to as

TECHENKX eng|’'plowout” and may occur when formation pressure exceeds the
pressure applied to it by the column of drilling fluid. This event is

[0002)nforeseeaiplecmé iits comeRs Wesjece rakasritaiRssEdl, Hbecve hane/anyhrelate to
associated equipment may be damaged. [0004]Another event that may

methd@snagritheewiebangler, thecresqriaiedigayipmenmtechanisms and techniques for

dampening a motion of a part of a regulator.

DISCUSSION OF THE BACKGROUND

[0003] A blowout preventer (BOP) is a safety mechanism that is used at a
wellhead of an oil or gas well. The BOP may be used for offshore drilling and also for
land-based driling. The BOP is configured to shut off the flow from the well when
necessary. One such event may be the uncontrolled flow of gas, oil or other well fluids
from an underground formation into the well. Such event is sometimes referred to as a
“kick” or a “blowout” and may occur when formation pressure exceeds the pressure
applied to it by the column of drilling fluid. This event is unforeseeable and if no
measures are taken to control it, the well and/or the associated equipment may be
damaged.

[0004] Another event that may damage the well and/or the associated equipment
is a hurricane or an earthquake. Both of these natural phenomena may damage the
integrity of the well and the associated equipment. For example, due to the high winds
produced by a hurricane at the surface of the sea, the vessel or the rig that powers the

undersea equipment may start to drift, requiring the disconnection of the
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is a hurricane or an earthquake. Both of these natural phenomena may
damage the integrity of the well and the associated equipment. For example,
due to the high winds produced by a hurricane at the surface of the sea, the
vessel or the rig that powers the undersea equipment may start to drift,
the disconnection gf the, power/communication cords or gther .
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may be a ram block BOP, a blind BOP, etc. Ram-type BOPs typically include a body

and at least two oppositely disposed bonnets. The bonnets partially house a pair of ram
blocks. The ram blocks may be closed or opened with pressurized hydraulic fluid to
seal the well.

[0007] Figure 1 shows, for clarity, the ram BOP 16 detached from the wellhead
12. However, the BOP 16 is attached to the wellhead 12 or other part of the well. A
pipe (or tool) 18 is shown traversing the BOP 16 and entering the well 10. The BOP 16
may have two ram blocks 20 attached to corresponding rods 22. Rods 22 move
integrally with the ram blocks 20 along directions A and B to close the well 10.

[0008] As shown in Figure 2, the BOP 16 may include, besides the ram block 20
and the rod 22, an extension rod 24 that may be locked by a ram locking mechanism
26. An elastomer 28 is attached to the front side of the ram block 20 such that when the

ram block 20 is closed and presses against the pipe 18, it ensures a substantial leakage
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[0008]As shown in Figure 2, the BOP 16 may include, besides the ram block
20 and the rod 22, an extension rod 24 that may be locked by a ram locking
mechanism 26. An elastomer 28 is attached to the front side of the ram block
20 such that when the ram block 20 is closed and presses against the pipe

ree QR R A R S B oo e
b h bI k 20. [0009 4] d
o A A R R e,
21 ed chamb d ber 36. Fi h he . .
ot T S 2 azd%mg&s@e _
2l

nlmumv ume co res ond ose p03| ion
enclo§y T R0 s BEee oL R SRR SR T L A5l Bbened
cham% rgt%ﬂ'l:ud met osed aco'%eer 4|§ tego& r|ls.ton 30 moves to thee while
left in |gur%uﬁ us movmgth ram Broc T3 o e po@l‘%‘lon (5'8) 8]“['5”

|
p

hamber 34 is provided
\Y/e)

ress tot ned chamb % and the c
the o ene am e |s S aY1e ﬁ min | um e an rreseognds to a
exam le,"accu aors , Which are shown In |gure
n

S
Qs 18 SgppseslantonoLeath obet EeoBIOUE o

close? poos"l:’tlar? thC h’n OrOmEiﬂ
ange 44 to a w ea ow iguré
I

€ mounted Wit
36 arff AENR IS ac%t%a% e ihinas, 3t leasta g 8{0%6§8r AR e tettin

pres sure e ease b € accumulators to confo O arequire

Figun {25 5 AORDEH AH AR IS ég%@@"&ﬁi (fHeh a regulator s

ure pressure O psI tO an output pressure of

[oouﬁ /000 pSiy{aS YOUD, e @p Scéﬁgﬁe%yé% %‘F"g‘iﬁ)g?] Uk efsed HRERINE 34 is

re Iarge and appropriate structures are prov Wi stan suc arge

o G B B0 S0 SRR e
showgegré%?rzyﬁdo}h@@?s 16 disposed on top of each other and configured to be
mounted with a flange 44 to a wellhead 12 (shown in Figure 1). Stack 40 also includes,
among other things, at least a regulator 46 for adjusting a pressure release by the
accumulators 42 to conform to a required pressure for the opened and closed
chambers. For example, such a regulator is configured to adjust an input pressure of
5,000 psi to an output pressure of 3,000 psi. As would be appreciated by those skilled
in the art, such pressures are large and appropriate structures are provided to withstand
such large pressures.

[0011] However, during testing of the BOP 16 for closing the ram blocks, when
the pressure from accumulators 42 has been released, it has been observed that a
component of the regulator 46, which adjusts the pressure and experiences linear

motion inside the regulator, significantly oscillates (chatter), which leads to the failure of
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component of the regulator 46, which adjusts the pressure and experiences
linear motion inside the regulator, significantly oscillates (chatter), which
leads to the failure of the regulator. It is observed that either this moving part
or a part connected to this moving part fails during the oscillation regime.
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by adjusting a position of a moving part (slide) rapidly. The rapid movement of the
regulator causes upstream pressure spikes, which may destroy the regulator slide in a
matter of a few seconds in some cases.

[0013] Accordingly, it would be desirable to provide systems and methods that

effectively overcome the above-noted exemplary problems.

SUMMARY

[0001] According to one exemplary embodiment, there is a flow regulator that
includes a flow regulating part configured to receive at an inlet a working fluid at a first
pressure and to release the working fluid at an outlet at a second pressure, the second
pressure being smaller than the first pressure; a slide provided inside the flow regulating
part and configured to move along an axis to reduce the pressure of the working fluid
from the first pressure to the second pressure; a control part attached to the flow
regulating part, the control part including a chamber; a spring housing provided in the
chamber and connected to the slide though a shaft, the spring housing configured to
move the slide along the axis; a cap provided in the chamber and facing the spring

housing, the cap being configured to have plural blind holes; and plural pins extending
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includes a flow regulating part configured to receive at an inlet a working fluid
at a first pressure and to release the working fluid at an outlet at a second
pressure, the second pressure being smaller than the first pressure; a slide
provided inside the flow regulating part and configured to move along an axis
ressure to the

along %L%%‘Léfcééhge& R igile) s Satg, b&'@aﬂffgﬁf o aeis Jalgontaurd

enter 8 A I PR st Ao e, éﬂ%ﬁﬂénihﬂ?(a%%gd ?odamped

due 1 S BEIRG MO HAGSiaheth u@é‘%’ﬁﬂ;{%ﬁ‘% ﬁ%?%rﬁ S e
SHng A iRt b & p

_.-_

ins ext in alo the axis and att ched t | t lur
1000353 Do SR erh S SR She T TR PAIE s R %‘W fdferor hat
includBg 34 alon FQ?"" is.13 damped due f0 a dampening flu dthaér' AR ﬁ’ataf.rst
estweenv¥h |n BOIBE"AA 8thgpns R)b%%% cor of?‘ng Solhey e>g3
embodi et aflo lator at |nc es, a flow re ulatln
pressRRNTI Teikiee INE ARG AR A RALELAL B spbat @rfssa & e second
rele set ewo king fluid at noutletatase nd pressur th
pressiie i Se%%'saqa HEE MRS grfeess%%ade A

part Jﬁaﬁée%h? klp éé (:rorr}?:%:ﬂéﬁgrs%pressure (0] e secot r relé%s%reeta éeOi% %Ing fluid
vom B IS EOUSR S8 KBTI 1o

regul%i’&agawetﬁ% )%RSF%'QH ?{%A[{%H{ 1, mayghe Sgﬁﬁﬁdroﬁ‘ ‘g\tﬁ% Foxﬂﬂgga n the

ne pin fixedly connected 10 a“protrusion of the egu part an

can GRS L A L L AR o
moveSfl| aé]es ) |8ﬁ§erﬂﬁ’%aé&§m§’r?d"ﬁ?q8&sﬁ‘85% g%c ﬁgg@%ﬂﬁg&%ﬂ A idusion of

INnCiu an. an accumulator a me and

the fIgW %‘Uﬁn@cp Y%?&W%@mﬂa]ﬁ‘{@ iR IS ?H\é%IJFrP{rTé/%en such that

to the acc ator an |gure to close a wel

the whKNG% éﬁb '?rBebg)‘é %Mé@%ﬂ%m e dﬁ‘?‘{g%lﬁ% AR 0 r@‘i‘?“

inter etween the accum blowout preventer a

[000 O”f'gur% é@%&ﬁiﬂ e tOQ{)et %Eﬁc\ﬁ/ﬁ%rrg %(éh'?ﬁp‘g‘f{?gf'gﬂ]ﬂtﬁ'&mm t?ﬁ&% YuRigbwout

a secona pres out preventer

I
preverr‘?t%'f(mgé%ﬁz[g ﬁ?éaférgﬁaimr?n o re easet eﬁ%gg mg%@%ﬁ%ﬁgﬂﬁe?e and

wor

confl é\Conﬂ35&16%8Eeséuv%&lﬁ%?lﬁwvmmypﬁs%ﬁélmﬂ fBQ)‘dv%gﬂr? EV/lgﬁer fluidly

to move along an axis to reduce the pressure o WOI‘kIng

conné@é’#rﬁﬁmg SRS e 1B rj’%‘?ﬁr eél%‘é@aa\ﬁéﬁmﬁmé)r?%@t%Bmﬂéqmld is

oW regu atlng part, the contr t including a chamber, a spring

prowéf@tﬁ'S{Bg Providsd duthprebRmBe apg, Can‘ﬁ%g\'ie‘fie?lﬁé‘?o$l'%gﬂﬁlf9éha 5BRlleen the

the spring housing configured to move the slide along the axis, a cap

accur{RMIER iy e AhBIBEE ARA/SAGIN9RE SPHGCHTD JethR S3PREINFessure of the

configured to have plural’blind holes, and plural pins extending along the axis

workiAgHARPRRRS 1RNEERANAAOH RS B @F&Qﬁr’%ﬂfﬂ%@%?&ﬁ&%@l R %A blowout

the plural blind holes so that a movement of the slide along the axis is

prevei@ERPeEhdURIR Agdamrening idd Babis Fg’c_friﬂﬁﬁr%elﬁ%l(_ 1Ebh plRtSIRleive at an

holes and the plural pins. BRIEF DESCRI AWINGS
inlet the working fluid at the first pressure and to release the working fluid at an outlet at

5



[0014]The accompanying drawings, which are incorporated in and constitute
a part of the specification, illustrate one or more embodiments and, together
with the description, explain these embodiments. In the drawings:
[0015]Figure 1 is a schematic diagram of a conventional ram BOP;
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exemplary embodiment;
to the sec@n% )E)ressure a control part attached to the flow regulating part, the control

part including a chamber, a spring housing provided in the chamber and connected to
the slide though a shatft, the spring housing configured to move the slide along the axis,
a cap provided in the chamber and facing the spring housing, the cap being configured
to have plural blind holes, and plural pins extending along the axis and attached to the
spring housing, the plural pins being configured to enter the plural blind holes so that a
movement of the slide along the axis is damped due to a dampening fluid that is trapped

between the plural blind holes and the plural pins.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are incorporated in and constitute a
part of the specification, illustrate one or more embodiments and, together with the

description, explain these embodiments. In the drawings:

[0015] Figure 1 is a schematic diagram of a conventional ram BOP;

[0016] Figure 2 is a more detailed diagram of a conventional ram BOP;

[0017] Figure 3 is a schematic diagram of a BOP stack;

[0018] Figure 4 is an isomeric view of a flow regulator according to an exemplary
embodiment;

[0019] Figure 5 is a schematic diagram of a flow regulator according to an

exemplary embodiment;



[0020]Figure 6 is a schematic diagram of a transversal view of a flow
regulator according to an exemplary embodiment; [0021]Figure 7 is a
schematic diagram of a transversal view of a flow regulator according to an
exemplary embodiment; [0022]Figure 8 is a schematic diagram of a slide of a

10020 o B OT BRI G G oo AR Sl iy putetor
accor%?n%xt%r%pnlae%%% é)r?/i r(Qr%rl')t()diment;

[0021] Figure 7 is a schematic diagram of a transversal view of a flow regulator
according to an exemplary embodiment;

[0022] Figure 8 is a schematic diagram of a slide of a flow regulator according to
an exemplary embodiment; and

[0023] Figure 9 is a schematic diagram of a pin entering a slide of a flow

regulator according to an exemplary embodiment.



DETAILED DESCRIPTION [0024]The following description of the exemplary

embodiments refers to the accompanying drawings. The same reference

numbers in different drawings identify the same or similar elements. The

following detailed description does not limit the invention. Instead, the scope

of the inyenti sI_ ined by the appended claims. The following

ethotTeTr e-gfscussed, for simplicity, with regard to the terminology and

tructure of a pressure requlatqr. Howeyer, the embodiments to be discusse
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accortr?gér?ﬁhugStaa}aPV\rnenSggre tflé’jl gg?nséngefflgr'ghce numbers in different drawings identify

the same or similar elements. The following detailed description does not limit the
invention. Instead, the scope of the invention is defined by the appended claims. The
following embodiments are discussed, for simplicity, with regard to the terminology and
structure of a pressure regulator. However, the embodiments to be discussed next are
not limited to these systems, but may be applied to other systems that adjust a pressure
of a passing fluid.

[0025] Reference throughout the specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with an embodiment is included in at least one embodiment of the subject
matter disclosed. Thus, the appearance of the phrases “in one embodiment” or “in an
embodiment” in various places throughout the specification is not necessarily referring
to the same embodiment. Further, the particular features, structures or characteristics
may be combined in any suitable manner in one or more embodiments.

[0026] According to an exemplary embodiment, a flow regulator is provided with
pins and corresponding blind holes such that the pins trap a fluid inside the blind holes
and squeeze the fluid while attenuating an oscillatory motion (chatter) that may appear
in parts of the flow regulator.

[0027] As shown in Figure 4, in accordance with an exemplary embodiment, a
flow regulator 50 includes a flow regulating part 52 and a control part 54 that controls

the fluid flow. The flow regulating part 52 is configured to regulate a pressure of a
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[0025]Reference throughout the specification to "one embodiment” or "an
embodiment” means that a particular feature, structure, or characteristic
described in connection with an embodiment is included in at least one
embodiment of the subject matter disclosed. Thus, the appearance of the
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an |S(t)kr]r$etr)|lcn\c/i|gvc\)/l%? the flow regulator 50. A more detailed view of the flow regulator is
shown in Figure 5. In this figure, the flow regulating part 52 is shown having a slide 60
configured to move along an axis 62. The slide 60 has a hole 64 that places in flow
communication, when in the appropriate position, an input 66 and an output 68 of the
flow regulator 50.

[0028] The slide 60 is provided inside the flow regulating part 52 and is
configured to receive the working fluid, for example, the fluid under pressure from
accumulator 42 shown in Figure 3. The flow regulating part 52 is also referred to as the
hydraulic part. The flow regulating part 52 is fluidly insulated from the control part 54. A
movement from the flow regulating part 52 is transmitted to the control part 54 by a
shaft 70, which is configured to move along axis 62 into the control part 54. The shaft
70 is connected to a spring housing 72 of the control part 54 via a bolt 74. In another
exemplary embodiment, the shaft 70 may be connected through other means to the
spring housing 72, for example, welding. The spring housing 72 is provided into a
chamber 76 of the control part 54. The slide 60, shaft 70, and spring housing 72 may
be made of steel or another strong material.

[0029] In one exemplary embodiment, slide 60 is connected to shaft 70 by a bolt
78. However, as will be discussed later, the slide 60 may be removably attached to the

shaft 70. The spring housing 72 is configured to move along axis 62. The spring

housing 72 may include one or more pins 80. Pins 80 are fixedly attached to the spring
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and squeeze the fluid while attenuating an oscillatory motion (chatter) that
may appear in parts of the flow regulator. [0027]As shown in Figure 4, in
accordance with an exemplary embodiment, a flow regulator 50 includes a
flow regulating part 52 and a control part 54 that controls the fluid flow. The
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6 illustrate different views of a same flow dampening device.

[0031] According to an exemplary embodiment, springs 90 may be selected such
that a spring force provided on shaft 70 via spring housing 72 is balanced by a force
applied by the working fluid acting on slide 60, when the pressure of the working fluid is
3000 psi. When the pressure of the working fluid increases above 3000 psi, the force
exerted by the working fluid on the shaft 70 is larger than the force exerted by the
springs 90 on the shaft 70, and thus shaft 70 moves the distance “d” to the left along
axis 62, closing the working fluid flow through slide 60, as shown in Figure 6. When the
pressure in the working fluid at outlet 68 decreases below 3000 psi, the force produced
by the springs 90 on the shaft 70 overcomes the force produced by the working fluid on
the shaft 70, consequently causing a movement of the slide 60 to the right, as shown in

Figure 5, which opens the working fluid flow.
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78. However, as will be discussed later, the slide 60 may be removably

attached to the shaft 70. The spring housing 72 is configured to move along

axis 62. The spring housing 72 may include one or more pins 80. Pins 80 are

fixedly attached to the spring housing 72. A cap 82 is also prowded inside
hambe a side of th cham et 760
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depends from application to application.
Figure 5 shows seal 98 patrtially encircling pin 80.
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[0033]In one exemplary embodiment, the pin 80 is manufactured to tightly fit
inside the blind hole 94, for example, with a tolerance in the order of
thousands of an inch. According to an exemplary embodiment, a seal 98 may
be formed between the pin 80 and the blind hole 94 to control the leakage
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Workla OW&ﬂ“ﬁth f'?ﬁé%ﬁﬁ%ﬂi@" Qr%‘ﬁ}ﬁdﬁ I]]h [%ﬁg]-ltﬂg pin 110 of the

mpenlng anls igure 8 may be used without the

104 is

protrusion 102 may be compressing the working fluid. The blind hole 112, the pin 110
and the working fluid dampen a motion of the slide 60 similar to the blind hole 94, pin 80
and the dampening fluid. Thus, the functional description of this dampening mechanism
is omitted as being similar to the one discussed above.

[0036] Pin 110 may have a smooth surface but a small tolerance with respect to
the blind hole 112 such that a limited amount of working fluid leaks from the blind hole
112 when compressed by pin 110. In another exemplary embodiment, the pin 110 may
have a grooved seal 114 formed in its surface to prevent the above mentioned leakage.

Figure 9 shows such a profile for pin 110 with grooved seal 114.
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dampening mechanism of Figure 5 and vice versa. In one exemplary
embodiment, the two dampening mechanisms may be used together to
prevent a failure of the slide due to chatter or other oscillations. [0038]The
disclosed exemplary embodiments provide a regulator dampening device and
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would understand that various embodiments may be practiced without such specific
details.

[0039] Although the features and elements of the present exemplary
embodiments are described in the embodiments in particular combinations, each
feature or element can be used alone without the other features and elements of the
embodiments or in various combinations with or without other features and elements
disclosed herein. The methods or flow charts provided in the present application may
be implemented in a computer program, software, or firmware tangibly embodied in a
computer-readable storage medium for execution by a specifically programmed

computer or processor.
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1. A flow regulator (50), comprising: a flow regulating part (52) configured
to receive at an inlet (66) a working fluid at a first pressure and to release the
working fluid at an outlet (68) at a second pressure, the second pressure
being smaller than the first pressure; a slide (60) provided inside the flow
gulati art and configured to move alon axis (62) to reduce.th
100a0] e b A TG R F76 R IREA.PL e che friL ingiosed to
control part (54) attached to the flow regulating part (52), the control part .
enabfl Y REES U UL 7ot © BISHHG TESHEr ) JHURSea ARG nd using
hamber (76) and connected.to the slide (60) through a shaft (70), the spri
any GG 07 A AN O RS <06 (B89 MOHg e W0 (as), | nesmeaigniable
82) provided in the chamber (76) and facing. the spring housing (72), the ca
sconde) B GBIhat B 1 Ay 2R s S e e G BRmotes
et (8P4 SRR ITe sprina ousina (T, (e BRI witin the
eing contiguréd to enter the plural blind holes r5)50 at a ovement o
sco thoei ﬁqg%l qg)salong the axis (62) is damped by a dampening fluid disposed
PoHetwea e plural blind holes (94) and the plural pins (80). 2. The flow
regulator of Claim 1, further comprising: a positioning element attached
to an end of the chamber to face the cap, the positioning element being
configured to fix a position of the cap inside the chamber.
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3. The flow regulator of Claim 1, further comprising: plural springs
between the cap and the spring housing configured to bias the spring
housing towards the slide. 4. The flow regulator of Claim 1, wherein the
control part is configured to receive only the working fluid and the flow

lagi is.configured to receive only the dampening fluid, the
WHAf%p@ﬁ@ﬁ& 'eing different from the working fluid. 5. The flow
Jg é} Fr of CI \glg)erem the shaft is fixedly connected to the slide and to
\gﬁ%% r ( 6c?meofl'8W%gulator of Claim 1, further comprising:

i §t§§§ 4 aﬁ“’“‘rﬂzﬁé‘“ SO SRR B o8 J?ﬁvﬁién(ﬁiﬁﬁ EPAGBAGHY flid at
R r R °Ve§ré'ﬂ§é§&&5§{£% PR SR ot e elipressure

the sabé)nﬁ rh r and orfl an mqp of.an mﬁ.ldfrs arpestgrr%f the plural blind holes. 8.
ERi Wiegllater oPCRiMh Wﬁereln IR e T comprises:

a slide (60) provided inside the flow regulating part (52) and configured to move

a fII’S'[ é)é

along an axis (62) to reduce the pressure of the working fluid from the first pressure to
the second pressure;

a control part (54) attached to the flow regulating part (52), the control part (54)
including a chamber (76);

a spring housing (72) provided in the chamber (76) and connected to the slide
(60) through a shaft (70), the spring housing (72) configured to move the slide (60)
along the axis (62);

a cap (82) provided in the chamber (76) and facing the spring housing (72), the
cap (82) including plural blind holes (94); and

plural pins (80) extending along the axis (62) and attached to the spring housing
(72), the plural pins (80) being configured to enter the plural blind holes (94) so that a
movement of the slide (60) along the axis (62) is damped by a dampening fluid

disposed between the plural blind holes (94) and the plural pins (80).

2. The flow regulator of Claim 1, further comprising:
a positioning element attached to an end of the chamber to face the cap, the

positioning element being configured to fix a position of the cap inside the chamber.
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at least one pin fixedly connected to a protrusion of the flow regulating part
and configured to enter a blind hole formed in the slide such that the working
fluid is trapped between the blind hole and the at least one pin. 9. The
flow regulator of Claim 8, wherein the at least one pin has a smooth surface.
10. The flow regulator of Claim 8, wherein the at least one pin has a seal
grooved into a surface of the at least one pin to minimize a flow of working

id he blind_hol f | 3
% T S S R S S TR ) m weorking i at e
o ST S S AR Gt Lo o ERpATER 15, bias the

Sprin g row hnsm*e the flow regulating part (54) and configured to move

P %Iong a aX|s é‘% o G& ge the pressure of the working fluid from the first
pressure to the second pressure; a control part (54) attached to the flow
regulating part (52), the control part (54) including a chamber (76); a

spring. hqusin 7?1 rovrdhE in the mbe a dconnected the
o ThE TR el B R RO AR SR e TR frscere
only {ﬁg)v?}hor ﬁwth?lt?i S (r%:)th rlqlow regulating part is configured to receive only the

dampening fluid, the dampening fluid being different from the working fluid.

5. The flow regulator of Claim 1, wherein the shaft is fixedly connected to the

slide and to the spring housing.

6. The flow regulator of Claim 1, further comprising:

at least one seal provided for each pin of the plural pins to slow a release of the
trapped working fluid from the respective blind hole when the corresponding pin moves

inside the respective blind hole.

7. The flow regulator of Claim 1, wherein an outside diameter of the plural pins is

within about a thousand of an inch of an inside diameter of the plural blind holes.

8. The flow regulator of Claim 1, wherein the slide comprises:

16



at least one pin (110) fixedly connected to a protrusion (102) of the flow

regulating part (54) and configured to enter a blind hole (112) formed in the

slide (60) such that the working fluid is trapped between the blind hole (112)

and the at least one pin (110). 12. The flow regulator of Claim 11,

whe[eln the at Ieaj a pin has a smooth su fac:e 3. .The flow regulator
IS

of CIR 11 WhEl gﬂ%’&%?% tBﬁ‘rPég IS 9 - ool fpifeCiRg and
confiddfet 8 e B R BT R R R e P BB T rapec
h h h b fi dtoh
betwep(?urg rfJI (#;ﬁl%% (gﬂ]t gﬁ?rln ousmg the cap being configured to have

p?r[?s éjx?endlng along the axis and attached
to the spring housing, the plural pins being configured to enter the plural blind
holes so that a movement of the slide along the axis is damped due to a

dam f|UId th stra dbe the ralb Ies and the plural
MCINEEY S TR S o S

an accumulator (42) attached to the frame and configured to provide a
surface
worklng fluid under pressure;

10. The flow regulator of Claim 8, wherein the at least one pin has a seal grooved
into a surface of the at least one pin to minimize a flow of working fluid from the blind

hole.

11. A flow regulator (50), comprising:

a flow regulating part (54) configured to receive at an inlet (66) a working fluid at
a first pressure and to release the working fluid at an outlet (68) at a second pressure,
the second pressure being smaller than the first pressure;

a slide (60) provided inside the flow regulating part (54) and configured to move
along an axis (62) to reduce the pressure of the working fluid from the first pressure to
the second pressure;

a control part (54) attached to the flow regulating part (52), the control part (54)
including a chamber (76);

a spring housing (72) provided in the chamber (76) and connected to the slide
(60) though a shaft (70), the spring housing (72) configured to move the slide (60) along

the axis (62); and
17



a blowout preventer (16) fluidly connected to the accumulator (42) and
configured to close a well when the working fluid is provided to the blowout
preventer (16); and a flow regulator (50) interposed between the
accumulator (42) and the blowout preventer (16) and configured to reduce a

LA SRR e v

lud fI I d let 6
regulai@avmsﬂz.aﬂd N T T T
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. ﬂ ssure of the worklng fluid from the first pressure to the second pressure,
pin ( @jntrol part (54) attached to the flow regulating part (52), the control part
(54) including a chamber (76), a spring housing (72) provided in the
chamber (76) and connected to the slide (60) though a shaft (70), the spring

Si confl dto eth S|Id ong the axis (62 acap
(5 ol PR e o e MR A R B oy e ooty

%2) being configured to have plural blind holes (94), and plural pins (80)
extending along the axis (62) and attached to the spring housing (72), the
plural pins (80) being configured to enter the plural blind holes (94) so that a
movement of the slide (60) along the axis (62) is damped due to a

gepsnc i NG BRERTH U PUREIRLIS? CRAHEBRYE o sca

grooved into a surface of the at least one pin to minimize a flow of working fluid from the

surfa

blind hole.

14. The flow regulator of Claim 11, further comprising:

a cap provided in the chamber and facing the spring housing, the cap being
configured to have plural blind holes; and

plural pins extending along the axis and attached to the spring housing, the plural
pins being configured to enter the plural blind holes so that a movement of the slide
along the axis is damped due to a dampening fluid that is trapped between the plural

blind holes and the plural pins.

15. A blowout preventer stack (40), comprising:

a frame;
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at least an accumulator (42) attached to the frame and configured to provide a
working fluid under pressure;

a blowout preventer (16) fluidly connected to the accumulator (42) and
configured to close a well when the working fluid is provided to the blowout preventer
(16); and

a flow regulator (50) interposed between the accumulator (42) and the blowout
preventer (16) and configured to reduce a first pressure of the working fluid from the
accumulator to a second pressure to be provided to the blowout preventer,

wherein the flow regulator (50) includes,

a flow regulating part (52) configured to receive at an inlet (66) the working fluid
at the first pressure and to release the working fluid at an outlet (68) at the second
pressure,

a slide (60) provided inside the flow regulating part (52) and configured to move
along an axis (62) to reduce the pressure of the working fluid from the first pressure to
the second pressure,

a control part (54) attached to the flow regulating part (52), the control part (54)
including a chamber (76),

a spring housing (72) provided in the chamber (76) and connected to the slide
(60) though a shaft (70), the spring housing (72) configured to move the slide (60) along
the axis (62),

a cap (82) provided in the chamber (76) and facing the spring housing (72), the

cap (82) being configured to have plural blind holes (94), and
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plural pins (80) extending along the axis (62) and attached to the spring housing
(72), the plural pins (80) being configured to enter the plural blind holes (94) so that a
movement of the slide (60) along the axis (62) is damped due to a dampening fluid

provided between the plural blind holes (94) and the plural pins (80).
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